The elastic tensor of any triangular (2D) lattice material is given with respect to the geometry and the mechanical properties of the links between the nodes. The links can bear central forces (tensional material, for example with hinged joints), momentums (flexural materials) or a combination of the two. The symmetry class of the stiffness tensor is detailed in any case by using the invariants of Forte and Vianello. A distinction is made between the trivial cases where the elasticity symmetry group corresponds to the microstructure's symmetry group and the non-trivial cases in the opposite case.
For the sake of simplicity we chose to study the simplest case of triangular 9 lattice. However the methodology should easily be generalized to other lat-10 tice patterns, even if it is not obvious that the change of pattern would lead to 11 analytical formulae as it is the case for triangles. The links (beams) between 12 the nodes of the lattice material can transmit forces and/or momentums.
13
From a theoretical point of view we shall refer respectively to tensional and which require richer kinematics such as micropolar elasticity (Lakes, 1986;  32 Dos Reis and Ganghoffer, 2012) or gradient elasticty (Auffray et al., 2009 ).
33
With the above hypothesis, the Cauchy-Born rule (Born and Huang, 1954) , 34 which states that each truss node displacement is submitted to the macro- an homogenization point of view the physical size of the cell is indifferent thus one may set a = 1 however a is maintained to indicate the dimension of a length. Under an homogenous deformation field the repetitive lattice deforms in another repetitive one (Fig. 3) . As a consequence each node bears identical forces and momentums, rotates through an identical angle θ and each vector (BC, CA, AB) rotates respectively through the angles (θ a , θ b , θ c ). Supposing linear elastic links the elongation ∆a and the relative rotation θ − θ a is respectively proportional to the axial force N a and the momentum M a (see Fig. 4 )
where, k a and j a are respectively the stiffnesses in tension and in flexion. The shear force T a is given by the statics: aT a +2M a = 0 however the shear effects 
Elongations and rotations are related to the node displacements (u B , u C ) by
where (n BC , m BC ) are the unit vector respectively proportional and directly orthogonal to BC. Eqs. (3) to (5) are similar for beams b and c. The reference frame (e 1 , e 2 ) is defined by BC = a e 1 . Denoting the relative displacement components as u BC1 = (u C − u B ) · e 1 etc. . . , previous equations and momentum equilibrium M a +M b +M c = 0 lead to the 7×7 linear system
where s α stands for sin α and c α for cos α etc. . . The inverse of this system
where the detailed expression of the 6 × 6 matrix K and the value of θ are 
where ⊗ denotes the dyadic (tensor) product. The componentsε I for I ∈ {1, 2, 3} of ε in the basis B I are related to the components ε ij of ε in the canonical basis asε by integration of the strain field
Thus the relative nodal displacements are
which is summarized as
Gathering Eqs. (7), (10) and (16) gives the expression of the truss elastic
Considering that each bar belongs to two adjacent cells, the correspondance 104 between the energy density per unit surface w and W is
where S is the area of the cell. The energy density of the homogeneous equivalent material is C 12 = C 1122
From above the stiffness tensor components are obtained by derivation of w 109 with respect to the strain components
whereC stands for the 3 × 3C IJ components matrix. The separate role of the stiffnesses in tension (k a , k b , k c ) and in flexion (j a , j b , j c ) in matrix K and D allow one to establish a partition
in the tensional part C t and the flexural part C f . From Eq. (22) and previous 111 results one finds 
where
Kelvin [1856] proposed that any stiffness tensor has three eigentensors in 2D (and 6 in 3D) which correspond to the cases when the stress and strain tensors are proportional. The proportionality factors are referred to as the Kelvin moduli. Rychlewski [1985] showed that the eigenstrains and Kelvin moduli are directly obtained from the diagonalisation of the matrixC whose expression in the Bechterew's basis is in this case
One easily finds that any strain proportional to I (of components [1, 1, 0] T in the Bechterew basis) corresponds to null stress
In other words such material opposes no stiffness to a dilation (see Fig. 6 ),
119
thus it is in between a material and a mechanism. From an engineering point of view it is necessary to find the mechanical lattice material prop- 
Q (e 3 ,ϕ) , ∀ϕ
in which Q(n, ϕ) means the rotation of angle ϕ of axis n. 
where I 1 = λ and I 2 = µ, the Lamé moduli. A sixth invariant I 6 exists but 
160
We detail hereafter the condition of appartenance to the symmetry classes 161 with respect to the stiffness tensor components. We also recall the expression 162 of the angle ϕ which defines the natural bases (e 1 , e 2 ) for which e 1 is an axis of 
The condition (38) of appartenance to the isotropic class O(2) and Eqs. (31) and (32) show that the components of a O(2)-invariant stiffness tensor are, in any basis (due to the isotropy):
5. Tensional lattice materials j c = 0 and the elasticity tensor is C = C t . We show hereafter some represen- 
where n ∈ [e 1 , e 2 ] is a unit vector and S denotes the inverse of C (given by They are located by the angle ϕ D2 (Eq. 40). The special case of R 0 -orthotropy is fulfilled if I 4 = 0. From Eqs. (32) and (24) this corresponds to
Given a set of angles this system defines the ratios between stiffnesses. 
Given the angles, this system defines the ratios between the stiffnesses. The 
203
The trivial case is when the structure is obviously tetragonal thus exhibits Table 7 . reason, one can also refer to trivial isotropy in this case . 
Obviously this matrix is not inversible thus Young's modulus is undefined.
226
This is in relation with the observation of the null Kelvin modulus associated 227 with the dilational mode by Eq. (28). For this reason we chose to represent 228 the anisotropic behavior thanks to: Table 9 and Fig. 18 show a generic case of such material. The tetragonal 237 behavior is visible on the polar of E from the four regularly spaced axes of 238 symmetry whose angles ϕ D4 are given by Eq. (43).
239
The case of trivial tetragonal symmetry requires (similarly to the ten-240 sional material in Table 7 ) β = γ = π/4, j b = j c and j a = 0. Eq. (25) leads 241 27 to C 11 = 2j c /a 2 and C 33 = 0. The stiffness tensor has a second null Kelvin 242 modulus which is relative to the pure shears proportional to B 3 . Such mate-
243
rial is also a mechanism with two degrees of freedom. Fig. 19 and Table 10 a b c Being at least tetragonal, C f can also be isotropic. From conditions of isotropy (38), Eq. (31), (32) and the stiffness tensor components (25) one finds the conditions
for a flexural lattice material to be isotropic. At first we detail the case Fig. 21 and Table 12 . The case when C t is tetragonal is interesting because even if the four axis 
Trivial (isosceles) isotropic case and auxeticity

285
We already referred to trivial isotropy which is the case when the microstructure is D 3 invariant (in association with the Hermann's theorem).
In the present case this leads to α = β = γ = π/3, k a = k b = k c = k and 
where n is the tensile direction and m the orthogonal one (for all n is this 286 isotropic case). More generally, one verifies easily from Eqs. (24) and (25) 287
This leads to the value ν = −0.2 for the example and to the curve in This process has been used for the example in Fig. 26 and packaging (with a preferred direction for fracture) or for crash engineering.
330
The engineering problem consists in findind the lattice properties given In Eq. (7) the detailed expression of the matrix K is: where J = j a + j b + j c .
We list here some remarkable relations which links the tensile C t and 348 flexural C f stiffness tensor components or invariants to the lattice material 349 geometrical (S, α, β, γ) and mechanical (k a , k b , k c , j a , j b , j c ) characteristics.
350
For the tensile material the change of variables: 
